A cardiac muscle performance assessment in terms of acid-alkaline balance has never been carried out before. The studies show it is possible to evaluate indirectly aerobic, anaerobic and phosphocreatine processes in the cardiac muscle using ECG only. The aim is to study the capabilities of acid-alkaline balance measurement in the cardiac muscle using ECG only, in combination with the heart cycle phase analysis.
Aims
A cardiac muscle performance assessment in terms of acid-alkaline balance has never been carried out before. The studies show it is possible to evaluate indirectly aerobic, anaerobic and phosphocreatine processes in the cardiac muscle using ECG only. The aim is to study the capabilities of acid-alkaline balance measurement in the cardiac muscle using ECG only, in combination with the heart cycle phase analysis.
Materials and methods
The ECG of the ascending aorta is recorded with Cardiocode device. Amplitudes of the derivatives of leading and trailing edge of R, L and j waves are measured. The QRS complex amplitude depends on the amplitudes of the septum and myocardium muscles contractions. The septum is contracted because of the lesser resistance since the myocardium muscles are not loaded yet. When the myocardium muscles are contracted, they take a heavier load since the septum remains under static strain. It allows evaluating the difference in the energy consumption for each group of the muscles according to the respective ECG derivative. It will suffice to compare the amplitudes of the first derivative characterizing the muscle contractility rate during Q -R and R -S periods.
Results
Over 500 patients were examined. As a result, ranges of every biochemical reaction changes have been established. The ranges of energy consumption assessment for the biochemical processes featuring the biochemical reactions in cardiac muscles are defined.
Conclusion
The ECG heart cycle phase analysis allows obtaining the acid-alkaline balance data of biochemical reactions governing the cardiac muscle contraction that is an important diagnostic marker. correlation between the ventricular depolarization rate and metabolic parameters, which can be determined by the R-wave amplitude percentage ratio to the sum of R and S amplitudes in the right and left chest leads of ECG at rest [2] . The method has been practically applied to condition athletes for competitions.
The development of the cardiac cycle phase analysis revealed new possibilities for more accurate and easier metabolic parameter measuring using only single ECG lead [3, 4, 5] .
Clinical investigations have proven the correctness of the chosen way. Metabolic reactions in both healthy and pathological cardiovascular systems were considered during the investigations. The general approach of the new method is presented herein.
The aim is to develop a principally new method for evaluating aerobic, anaerobic and phosphocreatine reactions that determine the cardiovascular system performance, using only single lead ECG.
Materials and methods
The method is implemented in the way described below. Only single lead ECG is recorded. It is an original system, as it records an ECG of the ascending aorta [3, 4] . As opposed to the standard ECG leads, the ascending aorta ECG records the overall result of the heart performance. This allows evaluating each of the 10 cardiac cycle phases with a high accuracy.
The heart performance is controlled by three baroreceptors: SA node, AV node and aortic baroreceptors (AB). Fig. 1 shows an ECG curve as a sequence of harmonic signals. Periods of nerve impulse generation are marked on the curve. Every neural center is responsible for exciting the corresponding muscles of the heart and the aorta resulting in their contraction.
amplitudes which form the ECG curve.
The word "baroreceptor" contains the term "bar". This is the unit of measure of pressure.
The word indicates the peculiarities of baroreceptor performance stressing their dependence on the blood volumes pressure. So, while the AV node will be pressure-loaded, the nerve impulses-action potentials will be generated, and the IVS and the myocardium will be contracted. It is shown as a sequence of QRS complexes on the ECG on Figure 1 . The next QRS, then the second and the third QRS complexes follow the first well-known one. The difference between them is that the first complex is a transition of the muscles from their relaxation to their tension state, and the same contractions as it is the case in the first QRS complex are superimposed on the strained state in the second one. However, due to the constant muscle tension, oscillations similar to the QRS complex will have smaller amplitude. This process occurs in the phase of tension S -L. Then it repeats again, but with smaller amplitude [6] [7] [8] [9] [10] [11] . to three times (Fig. 2) . But because of the energy consumed during oscillations, their number will decrease from cycle to cycle. The processes of the dynamic contraction and static muscle tension are provided by the biochemical reactions. Thus, the main QRS complex, in which the transition from the muscles relaxation to the static tension occurs, is provided with oxygen stocked during the diastole. At the same time, the initial process of muscle contraction is carried out with the maximum initial stock of ATP in the mitochondria. The low oxygen content is reflected in the rate of heart muscles contraction [6] [7] [8] [9] [10] [11] . What can be controlled by the first derivative of ECG? The amplitude of the first derivative will indicate the power of contraction. The smaller is the amplitude, the less is the power. interventricular septum and myocardium contraction amplitudes, first the interventricular septum contracts, as it is exposed to a lesser resistance since the myocardium muscles are not pre-loaded yet. When the myocardium muscles are contracted, they are exposed to a greater load than the interventricular septum, as the interventricular septum remains static.
It allows evaluating the difference in energy consumption for each group of muscles. It is enough to compare the amplitude of the first derivative, characterizing the muscle contraction rate during the Q -R and R -S periods (Fig. 3) .The general formula will be of a simple form as follows:
where: W -conventional energy of the process; R '-the amplitude of the ECG first derivative characterizing the interventricular septum contraction rate; S '-the amplitude of the ECG first derivative characterizing the myocardium contraction rate; Figure 3 . Real ECG and first derivative curves. The first positive amplitude of the first derivative and the next negative one are used for calculations, absolute value is utilized. At the top of the figure, the points designate the corresponding phases, the derivative is shown at the bottom.
Results
Analyzing the above formula, it is seen that if the energy values of both muscle groups contractions are equal, then W = 0,5. There are two variants of changing relations in the formula. The first variant is the decreasing of W when the interventricular septum energy goes down. The second one is the increasing of W when the myocardium contracts with smaller amplitude. But in this case it is necessary to distinguish two cases. The first case is when the myocardium muscle is strengthened by the training process, and its contraction amplitude is reduced, the other case is when the myocardium muscles obtain additional tension because of the compensatory mechanisms. Then the amplitude sharply descends, and the value of W can exceed 1. This is an extreme case which may occur with pathologies corresponding to the mode of reactivation in the system of body state evaluation by L.Garkavi [7] .
Thus, ranges of relative energy costs norm for the processes occurring in the period of QRS complex can be identified (Fig. 4) . Intermediate values between the ranges should be evaluated as boundary transitional ones.
0.85 and greater is a pathological energy cost zone. The practice shows that the method has a high sensitivity. The data before and after training are very informative and indicate trends of heart energy resource dynamics.
Considering that the QRS complex is a basic part of the cardiac cycle and the muscles are evaluated from the time of complete relaxation to the time of creation of the initial conditions for other energy processes, the studies have shown that the W rate evaluates the energy level corresponding to the aerobic processes in the body.
Therefore, Fig. 4 can be used for the aerobic processes evaluation. After an intensive load, the W rate for aerobic processes will decrease.
The studies have shown that the W rate is linked to acid -alkaline balance. However, if W is greater than 1, it is close to the lower limit of blood glucose level.
The processes in the S -L phase occur in the same way as it is the case with the QRS complex. The essential difference is that they occur against the background of the interventricular septum and myocardium muscles tension. A combination of dynamic and static muscle performance is observed herein. This phase is very important in hemodynamics of circulation. Its performance forms the blood flow structure that allows providing blood flow with minimal friction. Also, the synchronization of systemic and pulmonary circulation will depend on the condition of the lungs, or to be more precise, their resistance to blood flow.
Static muscle tension requires extra energy costs. With an intensive consumption of oxygen that occurs during intensive physical activity, the mechanism of static muscle tension will be first affected by oxygen deficiency. Lactic acid will be accumulated in muscles under certain conditions. The studies have shown that the S -L phase, it may be also called next QRS, reflects the anaerobic-glycolytic reactions, which can also be evaluated by a similar formula, but with substituting the values of R ' and S' derivatives of the next QRS.
The range of the relative norm for Wg will be different, it will be from 3 to 7 to say exactly (Fig. 5) . The studies have shown that the values above 7 will indicate a high content of lactic acid (lactate) in muscles. The worse is overload capability of an athlete, the greater Wg value is detected. Then the L -j rapid ejection phase begins. At the beginning of this phase the aortic valve opens, and blood starts flowing into the aorta. The studies have shown that this phase can be manifested on ECG several times only in case of great physical load (Fig. 2) .The multiple phase manifestation occurs only in case of necessity to intensify the phosphocreatine reactions due to high physical loads. Therefore it can be evaluated as it is the case with the amplitude ratios of derivatives. Then the range of energy cost evaluation for Wkf will be from 2 to 4 (Fig. 6 ).
After physical load this parameter will decrease, indicating the reduction of ATP re-synthesis conditions. Taking into account all the above and using the noninvasive method for biochemical reactions evaluation according to the ECG only, an effective possibility to predict the conditioning process and achieve best athletic results comes to existence.
Let us consider an example of the metabolic processes analysis for an athlete before her world championship and her world record. Figure 7 shows the results of the analysis performed automatically. The use of these graphs as a reference for the further training of the athlete enabled her to become a twice world champion and establish more than one world record. shown in Figure 7 , before the next training.
Discussion and conclusions
The method allows efficiently and easily monitoring the metabolic processes in the heart muscle. Further research is aimed at building a scale of correlation between the relative units used in the method and the conventional generally accepted units mmol/liter.
Statement on ethical issues
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